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Abstract. The aim of this paper was to establish the seasonal evolution of the microclimate factors 
level in several shelters from Turda Zoo. Four sets of measurements were made (in summer, autumn, 
winter and spring) in different places: the cage and the paddock of the baboon (Papio cynocephalus), 
the cage and the paddock of the lion (Panthera leo), the wolves’ (Canis lupus) shelter and at the 
exterior of the zoo. The following parameters were determined: temperature, relative humidity, gases 
concentration in the air (O2, NH3 and H2S), total count of aerobic mesophilic bacteria (TCAMB) and 
fungi. The most important finding of the summer measurements is the value of ammonia recorded in 
the lion’s cage, which was 28 ppm. At the autumn measurements, the absence of H2S was noticed, 
while the maximum value of NH3 was 5 ppm. Temperature recorded in the baboon cage was below 
the limit of 22 °C, recommended in primates shelters. At the winter measurements a significant 
difference between the temperature in the baboon cage (9.1 oC) and the exterior temperature (-6 oC) 
was recorded. The humidity value in the lion’s cage was higher than those recorded in the other 
places. At the spring measurements a high value of the ammonia in the lion cage (29 ppm) was noted. 
Baboon cage temperature was also below the recommended limit.  
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INTRODUCTION 
 
Microclimate is defined by the totality of physical (temperature, humidity, air currents), 
chemical (toxic gases) and biological (bacteria, viruses, fungi) factors that, by their successive or 
simultaneous action, decisively influence the animal health and production.  Shelters 
microenvironment depends on the climate of the geographic area in which they are located, but it is 
also considerably influenced by the physiological features of animals housed (Decun, 2007).  
At the same time, microclimate factors can be stress sources for captive animals (Morgan 
and Tromborg, 2006). Air temperature plays an important role, largely influencing all other 
microclimate factors. Temperature influences thermal homeostasis, growth, production and animal 
health (Popescu, 2010). Humidity becomes influential factor in relation to its temperature and 
movement, establishing the actual temperature experienced by the animals. 
Of the air gases, ammonia is considered the main indicator of hygiene in shelters, being 
toxic for animals and humans. Aeromicroflora is varied in a systematic and quantitative terms. 
Some of the shelters aeromicroflora may come from atmospheric air, but mostly from the manure, 
litter, feed, animal secretions and excretions. The aim of this paper was to establish the seasonal 
evolution of the microclimate factors level in several shelters from a Zoo.  
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MATERIALS AND METHODS 
 
  The research was conducted at Turda zoo, between August 2010 and May 2011. Founded 
in 1953, this zoo has undergone extensive reconstruction since 2010, being closed to the public. 
Because of this situation, the number of species was reduced from 48 at 31.03.2010 to 40 at 
31.03.2011, the number of individuals reducing from 762 to 501 (www.anpm.ro). Four sets of 
measurements were made (in summer, autumn, winter and spring), in 6 different places: the cage 
and the paddock of the baboon (Papio cynocephalus), the cage and the paddock of the lion 
(Panthera leo), the wolves’ (Canis lupus) shelter and at the exterior of the zoo.  
The following parameters were determined: temperature and relative humidity using an 
electronic thermo-hygrometer (Hanna HI 9564), gases concentration in the air (O2, NH3 and H2S) 
with a Dräger X-am 7000 gas analyzer, total count of aerobic mesophilic bacteria (TCAMB) and 
fungi using a MAS-100 Eco air sampler. The culture media used were nutrient agar for total count 
of aerobic mesophilic bacteria and Sabouraud for fungi. Measurements were performed between 11 
a.m. and 1 p.m., lasting for 15-20 minutes for each location. 
 
RESULTS AND DISCUSSIONS     
 
In Table 1 values of microclimate factors at the summer determination are presented. 
 
Tab. 1  
Values of microclimate factors - August 2010 
 
 
Location 
1 2 3 4 5 6 
Temperature (oC) 27.8 30.3 27 31 29.3 31.8 
Relative humidity (%) 62 65.6 67.1 65.8 60.5 58.9 
O2 (%) 20.5 20.5 20.5 20.5 20.5 20.5 
NH3 (ppm) 18 14 28 20 14 2 
H2S (ppm) 3 2 5 4 3 0 
TCAMB (cfu/m3) 1650 100 1500 800 50 120 
Fungi (cfu/m3) 950 750 600 550 450 600 
  Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter;6- exterior of the zoo. 
 
It may be noted that the values of temperature, relative humidity and oxygen were 
relatively similar in the 6 locations. Values of the other parameters were generally higher in 
shelters than outside the zoo. The exception was the number of microorganisms, higher outdoor 
than in wolves shelter. This can be explained by the presence of a recreational area nearby (50 
m2), which was opened on the determinations day. The value of 28 ppm of ammonia recorded in 
the lion cage has to be noted. If we take as benchmark the maximum amount permitted for rent 
mammals, which is 26 ppm, the value recorded by us was with 2 ppm higher. Increasing of 
ammonia concentration was attributed to insufficient ventilation inside the shelter.Table 2 
presents the values of microclimate factors at the autumn tests.    
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Tab. 2 
  
Values of microclimate factors – November 2010 
 
 
 
Location 
1 2 3 4 5 6 
Temperature (oC) 5.1 4.5 8.6 5 4.9 4.9 
Relative humidity (%) 77.4 80.5 71.5 78.2 89.2 78.8 
O2 (%) 20.4 20.4 20.5 20.5 20.4 20.4 
NH3 (ppm) 3 2 5 0 0 0 
H2S (ppm) 0 0 0 0 0 0 
TCAMB (cfu/m3) 700 400 800 650 100 50 
Fungi (cfu/m3) 550 0 300 200 0 20 
  Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter, 6- exterior of the zoo.  
 
Temperature recorded in the baboon cage was much below 22 °C, value recommended 
in primate shelters (Turner, 2009). It was also noted the absence of hydrogen  sulfide, while 
maximum ammonia concentration was 5 ppm. Number of microorganisms decreased compared 
to the summer determination. This was due to lower temperatures.  
Values of microclimate factors at the winter tests are presented in Table 3. During winter 
no determination were performed in the baboon’s paddock, as it was kept only inside the shelter. 
The significant difference between temperature inside and outside the baboon cage has to be 
noticed, due to the presence of a heating system. Nevertheless, this system was not able to increase 
temperature to the recommended value. Relative humidity in the lion cage was higher than values 
in the other locations, due to poor ventilation and heating system failure in this location.  
This value was 3 % higher than the recommended maximum value (Shoemaker et al., 
1997). Number of airborne microorganisms was higher inside lion’s and baboon’s shelters, which 
is explained both by animal presence and by relatively low volumes of these shelters. 
 
Tab. 3  
 
Values of microclimate factors – February 2011 
 
 
 
Location 
1 2 3 4 5 6 
Temperature (oC) 9.1 - -2.3 -4.5 -6 -6 
Relative humidity (%) 52.1 - 73 52 59 52 
O2 (%) 20.4 - 20.4 20.4 20.4 20.5 
NH3 (ppm) 3 - 5 0 3 0 
H2S (ppm) 0 - 0 0 0 0 
TCAMB (cfu/m3) 1500 - 8450 100 250 70 
Fungi (cfu/m3) 1350 - 300 50 200 70 
  Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter; 6- exterior.  
 
In Table 4 the values of microclimate factors to the tests during spring are presented.  
Since the previous determination, wolves were moved to another shelter, due to 
modernization activities of the zoo. It was decided not to make determinations in the new 
location. Temperature recorded in the baboon cage was again below the recommended minimum 
of 22 °C (Turner, 2009). The high value of ammonia inside lion’s shelter (29 ppm) has to be 
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noticed again. The highest number of microorganisms (TNAMG and fungi) was recorded in the 
same location. In addition to poor ventilation, the increased number of microorganisms was also 
blamed on poor hygienic conditions in the shelter. Cheeran (2008) mentions the difficulty of 
maintaining cleanliness in old or overcrowded zoos. 
 
Tab. 4  
 
Values of microclimate factors – May 2011 
 
 
 
Location 
1 2 3 4 5 6 
Temperature (oC) 10.9 9.8 10 9.6 - 12.3 
Relative humidity (%) 42.7 36.2 55.6 36.5 - 34.1 
O2 (%) 20.5 20.5 20.4 20.4 - 20.5 
NH3 (ppm) 6 3 29 0 - 0 
H2S (ppm) 0 0 0 0 - 0 
TCAMB (cfu/m3) 1600 750 329,484 69,350 - 20,200 
Fungi (cfu/m3) 100 50 9850 200 - 1100 
  Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter, 6- exterior.  
 
Figure 1 shows the evolution of ammonia concentration in the four seasons.  
 
 
 
Fig.1 Evolution of ammonia concentration (ppm) 
Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter;   6- exterior of the zoo.  
 
Higher concentrations were observed in spring and summer, due to faster decomposition 
of food under the influence of temperature. At the same time, higher valueswere registered in the 
lion’s cage, due to poor ventilation and limited space of this shelter. 
Figure 2 shows the seasonal fluctuations in the number of fungi. 
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Fig. 2. Seasonal fluctuations in the number of fungi (cfu/m3) 
Note: 1- baboon cage; 2- baboon paddock; 3-lion cage; 4-lion paddock; 5- wolves’ shelter;   6-exterior.  
 
The evolution of fungi number can also be explained by temperature values favorable to 
their development and also by the existing conditions within the shelters (food, shade, poor hygiene).  
 
CONCLUSION 
 
Microclimate factors evolution was influenced both by season and particular conditions 
of sheltering for different species.  
Baboon cage temperature was below the recommended limit at 3 of the 4 
determinations. 
Ammonia values recorded in the lion cage showed the necessity of improved hygiene. 
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